ABSTRACT Before broilers are slaughtered, several parties are involved in catching, loading, transportation and lairage. During these pre-slaughter activities, broilers are exposed to a variety of stressors. A detailed understanding of how broiler welfare is impaired during each stage could help the responsible parties to make targeted improvements. The aim of this study was to identify welfare problems occurring during the consecutive stages of commercial broiler transportation and to identify risk factors associated with the identified welfare problems. Commercial Belgian transports (n = 81) were assessed in spring (n = 14), summer (n = 33), autumn (n = 10), and winter (n = 24), and potential risk factors were recorded by the observer. Animalbased welfare indicators were scored before the start of the pre-slaughter phase as well as after the catching, transport and lairage, and slaughter stages to assess the impact of each stage. The most frequently observed welfare impairments were vent and thigh lesions, panting, wing fractures, and bruising on wings and breasts.
INTRODUCTION
Intensively reared broiler chickens are kept indoors under climatized, controlled conditions for the major part of their lives. When they reach the desired slaughter weight they are caught, put in crates, loaded onto a truck, transported to the slaughter plant, unloaded, and put in lairage until they are slaughtered. During this pre-slaughter phase birds are subjected to many potential stressors that result in animal welfare impairments, which in turn can lead to financial losses due to weight loss, injury, rejections, and mortality (Nijdam et al., 2004; EFSA, 2011) .
Various parties are involved in the stages of the preslaughter process. First, the birds are caught and loaded by either a professional catching crew or by acquaintances of the producer. Then a driver from the trans-portation company takes the birds to the slaughter plant, where they are laired by slaughter plant personnel under plant-specific conditions. Different aspects of broiler welfare could be affected to varying degrees during these successive stages of the pre-slaughter phase, all of which have different responsible parties.
Data on broiler mortality (dead on arrivals; DOA) in relation to the pre-slaughter phase indicate that mortality seems to occur mainly during catch and transportation; several flock-related risk factors have been identified (Nijdam et al., 2004; Vecerek et al., 2006; Chauvin et al., 2011) . For instance, DOA have been reported to be positively related to slaughter weight and positively or negatively to on-farm mortality (Haslam et al., 2008; Chauvin et al., 2011; Jacobs et al., 2016) .
Few studies have focused on broiler welfare impairments other than DOA during the pre-slaughter phase, despite publication of a European report (EFSA, 2011) that identified how multiple aspects of animal welfare may be adversely affected by transportation. For broilers, these aspects include heat stress, dehydration, disease, injury, and pain (EFSA, 2011 - Table A6b ) . Visser 266 et al. (2014) assessed various aspects of animal welfare (including catching method and duration, wings and toes stuck in the crate, fractures, supine and slipping birds, panting, DOA) of 11 Dutch broiler transportations from loading to stunning. Because no assessment was conducted before catching and loading, the lack of baseline data prevented an analysis of the effect of the pre-slaughter phase on the welfare indicators. Before the responsible parties can implement targeted remedial actions for these welfare impairments, better understanding of the impact of the various stages on broiler welfare is needed.
Animal welfare is multidimensional (Mason and Mendl, 1993) , which calls for a multi-criteria assessment. Up to now, broiler welfare (besides mortality) during the pre-slaughter phase has rarely been studied and it is not yet clear which stage of the process affects which aspects of welfare. Therefore, the current study first aimed to identify welfare problems during the various stages of commercial broiler transportation. The second aim was to investigate risk factors during the separate pre-slaughter stages (catching and loading, transportation and lairage) on broiler welfare impairment.
MATERIALS AND METHODS

Study Population
Commercial transportation of broilers (n = 81) from 52 farms in Belgium to 5 slaughter plants was performed by one of 4 transportation companies (company A: n = 13; B: n = 43; C: n = 3; D: n = 22). The assessments were conducted from July 2013 until September 2014 (for additional transportation characteristics, see Jacobs et al., 2016) . Flocks consisted of Ross (n = 74), Cobb (n = 3), or other/unknown breeds (n = 4). Flocks were transported in spring (n = 14), summer (n = 33), autumn (n = 10), or winter (n = 24). Farms were selected based on transportation size (at least 3 trucks, ca. 18,000 broilers) to allow sufficient time for data collection, slaughter plant (one of 5 cooperating plants), and whether the entire flock was transported at once (as opposed to thinning; the reason was to ensure enough time for data collection). The birds were either caught mechanically (n = 8) or manually (n = 47) by either a professional catching crew (n = 11) or by acquaintances of the farmer (n = 26). The birds were transported in vehicles with either plastic (n = 50) or metal container modules (n = 31), each of which holds 8 to 12 transportation crates. Birds were transported at night (last truck departed before 8AM; n = 48), in the morning (first truck departed before 8AM, last truck after 8AM; n = 22), or during the d (first truck departed after 8AM; n = 11). At the slaughter plant, containers were either placed outside (n = 36) or inside a warehouse (n = 45). After lairage, the containers were either automatically tipped over and the birds were either released onto a conveyor belt (n = 31) or the crates were automatically removed from the container and placed side by side on a conveyor belt (n = 50). Broilers were either first stunned with gas on the conveyor and then shackled by their legs (n = 48 flocks) or they were first shackled and then stunned in an electrified water bath (n = 33 flocks).
Data Collection
Thirteen animal-based welfare indicators were used to assess physical condition, thermal stress, and crating discomfort (Table 1) . Welfare was assessed either on the d of slaughter or the night before: (1) on-farm just before catching and loading (baseline), (2) in the crate just after catching (post catching), (3) at the slaughter plant at the end of lairage (post lairage), and (4) at the slaughter line after plucking (post mortem). Welfare indicators were assessed on animal level (individual birds), crate level (one score per transportation crate), or flock level (one score per transported flock; Table 1 ). Potential pre-slaughter risk factors were recorded by one of 4 observers for every transported flock (Table 2 ).
For the animal-level measurements, a random sample of 44 ± 1 birds (mean ± SD) was assessed per preslaughter stage (on average 132 ± 3 birds per transported flock). On the farm before catching, these birds were chosen randomly from 10 locations in the house. Post catching and post lairage, the broilers were chosen at random from randomly chosen and marked containers (one bird per crate from 4 to 6 containers marked by the observer). For the crate-level measurements, 44 ± 3 crates per transported flock were chosen from randomly selected containers and assessed from at least 2 sides. Post mortem measurements were performed after plucking at the slaughter line for 10 minutes. Prevalence was estimated based on the line speed (on average 10,710 ± 199 birds/h).
Statistical Analysis
Data were analyzed using the Statistical Analysis System (SAS) version 9.3 for Windows (SAS Institute Inc., Cary, NC) using "transported flock" as the experimental unit. The impact of each pre-slaughter stage on the animal-based welfare indicators was studied using analysis of variance for normally distributed indicators.
Pairwise comparisons between stages were tested at a total significance level of 0.05 using the Tukey-Kramer adjustment for multiple comparisons. For non-normally distributed indicators the non-parametric KruskallWallis test was used and pairwise comparisons between stages were performed using the non-parametric Wilcoxon test with a Bonferroni correction to ensure a total significance level of 0.05. In case of a significant increase or decrease in a welfare indicator from one stage to another, potential risk factors of Table 1 . Welfare indicators assessed on-farm before catching and loading (baseline), in crate after catching (post catching), at the slaughter plant at the end of lairage (post lairage), and at the slaughter line (post mortem). The measurement level and unit are given per indicator. Visser et al. (2014) . 4 Crowding prevalence per crate was assessed as % of birds that had another bird on top of them. that pre-slaughter stage were tested using univariable linear regression models for normally distributed differences. For non-normally distributed differences a nonparametric Wilcoxon test was used for categorical risk factors and Spearman correlations were calculated for continuous risk factors.
RESULTS
The pre-slaughter phase affected several aspects of broiler welfare. Most frequently observed welfare impairments were skin lesions, panting, wing fractures, and bruising on wings and breasts (Table 3) . Table 3 . Mean (± SE) outcome per welfare indicator before catching (baseline), after catching (post catching), at end of lairage (post lairage), and at the slaughter line (post mortem), with P-values for pairwise differences between pre-slaughter stages. 
Physical Condition
The prevalence of wing fractures increased significantly after catching as compared with baseline (P < 0.003; Table 3 ). A positive correlation between the increase in wing fracture prevalence and duration of catching and loading of the whole flock was found (r = 0.380; P = 0.001).
Post mortem, bruised breasts or wings were found on 3.65 ± 0.24% of the birds, and bruised legs were found on 1.38 ± 0.20% (Table 3) . Prevalence of bruising on breast or wings was affected by climatic risk factors: Ambient temperature during transportation was positively related to bruising prevalence, with a 2.27% increase in bruising prevalence with each 1
• C increase in ambient temperature (P = 0.037). Furthermore, the use of truck curtains was related to bruising (P = 0.011), with more bruising when curtains were open than when they were closed (4.16 ± 0.35% vs. 2.44 ± 0.22%; P = 0.005). Additionally, bruising prevalence differed according to time of d of transportation (P = 0.019), with bruising in 4.14 ± 0.35% of the birds when transportation took place at night compared to 2.87 ± 0.34% in the morning (P = 0.022) and compared to 2.53 ± 0.26% during daytime (P = 0.032). Additionally, percentage of birds with bruised wings or breasts tended to differ among the different professional catching crews (P = 0.053), but no difference was found between professional catching crews and acquaintances of the farmer.
Average body weight decreased by 0.14 ± 0.02 kg or 5.28% post lairage vs. baseline (P < 0.001; Table 3 ). Transportation duration tended to positively affect body weight loss, with a 0.68 ± 0.36 g weight loss per min spent in transportation (P = 0.067).
The plumage cleanliness score increased (i.e., cleanliness decreased) post lairage compared to post catching (P = 0.003; Table 3 ). The cleanliness score increase was higher with increasing average wind speed on the d of slaughter (0.07 ± 0.03 / 1 m/sec; P = 0.024), with lower mean ambient temperature (0.01 ± 0.01 / 1
• C; P = 0.030); the score tended to be lower with more precipitation (−0.02 ± 0.01 / mm; P = 0.052). Furthermore, transportation duration affected cleanliness score, with longer transportation duration associated with a higher increase in cleanliness scores (0.002 ± 0.0008 / 1 min; P = 0.022).
Discharge from beak, auditory meatus, or nasal cavities tended to be affected by the pre-slaughter phase in general, but no significant differences were found among pairwise comparisons of pre-slaughter stages (Table 3) .
Thermal Stress
Body temperature was significantly decreased post lairage as compared to post catching (P < 0.001; Table 3 ). The body temperature decrease differed according to moment of transportation (P = 0.007), with a larger decrease in temperature during daytime transportation (0.91 ± 0.09: P = 0.040) and morning transportation (0.87 ± 0.07; P = 0.027) vs. nighttime transportation (0.66 ± 0.04).
More birds were found huddling (indicator of cold stress) post lairage compared to post catching (P = 0.008; Table 3 ). The increase in percentage of birds huddling was larger with lower mean ambient temperatures (r = −0.307; P = 0.009) and decreased solar radiation (r = −0.285; P = 0.012). Wind speed and precipitation were positively correlated with more huddling (r = 0.236; P = 0.049 and r = 0.230; P = 0.011, respectively). Huddling also increased more when trucks were driven with closed curtains (1.51 ± 1.00%) compared to open curtains (0.19 ± 0.11%; P = 0.015). Additionally, timing of transportation affected the increase in huddling prevalence (P = 0.017), with a slight decrease in huddling prevalence during night transportation (−0.009 ± 0.02%) and an increase during morning transportation (1.62 ± 0.99%; P = 0.015). No difference in panting prevalence was found among pre-slaughter stages (Table 3) .
Crating Discomfort
More birds were recorded with splayed legs (P = 0.008) and fewer birds were found supine (P = 0.003) post lairage compared to post catching (Table 3 ). Both indicators differed for different slaughter plants (splay P = 0.011; supine P = 0.042), and the percentage of birds with splayed legs differed for different transportation companies (P = 0.020). Prevalence of birds with stuck wings decreased and percentage of birds with stuck toes tended to increase post lairage as compared to post catching (wings P = 0.010; toes P = 0.093). However, no risk factors could be identified for these welfare impairments.
DISCUSSION
The results of this study suggest that the various stages of commercial broiler transportation affected different aspects of physical condition, thermal stress, and crating discomfort. Wing fractures occurred mainly during the catching stage: Prevalence increased from 0.1% to 1.9%. After the transportation and lairage stages, plumage cleanliness scores (+0.14), huddling prevalence (+0.5%), and number of birds with splayed legs (+0.08%) all increased. This stage resulted in a decreased body temperature (−0.7
• C), fewer supine birds (−0.05%), and fewer birds with stuck wings (−0.1%) compared to post catching. Overall, body weight decreased by 5.3% during the pre-slaughter phase and bruising was found in 3.7 and 1.4% of the birds (breasts or wings and legs, respectively).
Physical Condition
The prevalence of wing fractures was increased at the post-catching stage compared to baseline. The prevalence of 1.9% post catching was higher than the reported 0.8% by Kittelsen et al. (2015) . The Ross broilers in their study were much younger (31 d versus 41 d, representative ages for Norway and Belgium, respectively) and thus lighter, lowering the risk of fractures due to handling. Hence, slaughtering at an earlier age shows potential to reduce fracture prevalence. Catching broilers is demanding and birds can be easily injured during the catching process, especially when workers become fatigued (Delezie, 2006) . Although neither type of catching crew nor the catching procedure (mechanical, manual, by professionals or by acquaintances) was found to be a risk factor for fractures, the time spent catching the entire flock was.
Even though catching crew did not affect prevalence of wing fractures, a tendency toward a difference in bruising prevalence among different professional catching crews was observed, possibly due to the method of handling. Bruising was found in 5% of the birds (summation of bruising on breast or wings and legs), which was more frequent than the 3.7% found by Gouveia et al. (2009) . The difference is likely due to the different breeds; Gouveia's group used slow-growing Sassos, which are less commonly used in commercial practice, vs. mainly Ross flocks in the current study. Slower growing breeds may be more resistant to bruising due to enhanced maturation of muscular and vascular tissues (Whittow, 2000) . Bruising on breasts and legs was positively associated with ambient temperature in the present study. One other study showed a similar positive relationship between ambient temperature and light bruising (Mayes, 1980) , which could possibly be explained by vasodilatation of the skin blood vessels at higher temperatures (Hamdy et al., 1961) . Nijdam et al. (2004) found the opposite result, but did not interpret it. The effect of curtain configuration is probably due to the strong relationship between ambient temperature and the use of curtains. The curtains are closed when ambient temperature is low. Thus, higher bruising prevalence when curtains are open could be an indirect reflection of the impact of ambient temperature. It is unclear why bruising prevalence differed between the timing of transportation (night, morning, or d). Nijdam et al. (2004) also found an effect of time of d during transportation on bruising. However, in their study, bruising was more frequent for daytime transportation compared to nighttime, which contrasts with the current findings. Further research to investigate the risks for bruising is therefore warranted.
Body weight decreased by circa 5.3% during the entire pre-slaughter phase. This is in accordance with previously reported weight losses of 3.5% (Buhr et al., 1998) , 4.4% (Rasmussen and Mast, 1989) , 5% (Delezie et al., 2007) , and 7.3% (Warriss et al., 2004) . Initial weight loss is most likely due to defecation (May et al., 1990; Warriss et al., 2004) , while further weight loss can be attributed to fasting and dehydration following prolonged feed and water deprivation. In the current study, transportation duration tended to affect body weight decreases (larger decreases on longer transportations). The small effect of transportation duration is most likely the consequence of a combination of factors, and needs further exploration, as feed withdrawal time did not show a significant effect.
Plumage cleanliness decreased over time and was either affected or tended to be affected by weather conditions (wind speed, mean ambient temperature, precipitation) and transportation duration. Although clean and dry plumage is important for thermoregulation (Welfare Quality R , 2009), it may not be an equally severe welfare impairment as bone fractures or other issues. Nevertheless, soiled plumage could be a source of contamination at the slaughter plant (Wilkins et al., 2003) . The impact of transportation duration is likely due to the extended time spent in crates (Wilkins et al., 2003) , thus spending more time in a confined and dirty space.
To improve physical condition, careful selection of a catching crew and limiting the birds' exposure to high temperatures could reduce bruising prevalence. To reduce weight loss and soiling of plumage, transportation duration could be reduced. Protection from adverse weather conditions could also reduce soiling. More research is needed to identify risk factors for wing fractures, although these seem to be caused primarily during the catching stage.
Thermal Stress
Body temperature was decreased post lairage compared to post catching. Internally produced heat depends on body weight and feed intake; the rate of heat loss depends on environmental factors (Deeb and Cahaner, 1999) , feather cover, soiling, and body surface area. Deeb and Cahaner (1999) showed results in accordance with those in the current study. They reported a decrease of 0.6
• C when birds were fasted for 12 h at an ambient temperature of 24
• C. Another study showed no difference in core body temperature (immediately after slaughter) between birds on farm and after arrival at the slaughter plant (39.9 and 40.0
• C, respectively; Warriss et al., 1999) . Additionally, they found body temperature to increase by 0.6
• C with 4 h spent in lairage due to an increase in ambient temperature. The results from Warriss et al. (1999) contrast with the current findings, possibly due to different ventilation regimes at lairage (all of their birds were laired inside with active ventilation) and different climatic conditions: lower average ambient temperature in the current study as compared to the in-crate temperatures in winter and summer in their study.
After nocturnal transportation, birds showed less body temperature loss and a decrease in huddling prevalence compared to morning transportation. The reduced temperature loss and huddling prevalence may indicate that birds experienced less cold stress at night than in the morning. Generally a decrease in body temperature to a level below the normal range (40.6 to 47.1
• C; Bestman et al., 2009 ) would indicate cold stress. The occurrence of cold stress was indicated by the prevalence of huddling, which was higher post lairage than post catching. This increase could be explained by the length of time that birds were exposed to cold conditions. Cold stress (huddling) was related to (exposure to) weather conditions such as ambient temperature, sunshine duration, precipitation, and wind speed. Additionally, huddling was found to be related to the curtain configuration on the trucks, with a greater increase in huddling when trucks were driven with closed curtains compared to open curtains. This is most likely due to 1) curtains use being dependent on weather conditions: Curtains were closed only on cold d and more often during night transports, and 2) huddling was assessed post lairage, where birds were no longer kept behind curtains, but rather exposed to the climatic conditions at lairage. It is therefore likely that on-truck temperatures are higher with closed curtains but when the assessments were performed at lairage, the broilers were (again) exposed to colder conditions. Even though mean body temperature decreased significantly, huddling was observed in only 0.55% of the birds (post lairage). Panting was observed more frequently (in approximately 2% of the birds) at both post catching and post lairage (but did not differ between the 2) compared to huddling. Panting is a wellrecognized behavioral response to heat stress, but could also reflect other discomfort or stress, such as pain (EFSA, 2011) .
Broilers' thermal comfort could be improved by protecting birds from adverse weather conditions and possibly by shortening the fasting duration.
Crating Discomfort
To the authors' knowledge, only one other study (Visser et al., 2014 ) assessed indicators of crating discomfort such as body parts stuck in the crate, splaylegged birds, and crowding. After catching, more birds (0.21%) were found with a stuck body part than reported by Visser et al. (average of 0.08%; 2014) . This difference is possibly partly due to a methodological difference, as stuck heads were included in the current study, but not in the study of Visser et al. (2014) . During lairage, circa 0.15% of birds were found with a stuck body part, which is similar to the 0.19% reported by Visser et al. (2014) . In the same study, they found on average 0.14% of supine birds, 0.48% of birds crowding, and 0.13% splay-legged birds after catching, all more frequent than in the current study, although time taken to observe crates was similar (15 min in their study for ca. 40 to 50 crates vs. 10 min for ca. 45 crates). Visser et al. (2014) further reported that at lairage, 0.06% of the birds were supine and 0.18% of the birds were seen with splayed legs. These data are comparable to those of the current study.
The effect of slaughter plants or transportation companies on these welfare impairments (birds with splayed legs and supine birds) could be due to differences in management. For instance, some truck drivers were observed releasing the birds' heads or limbs trapped in the transportation crates while others did not. Moreover, it is possible that birds were able to free their wing or toe during transportation or lairage. These would explain the observed decrease in prevalence of stuck wings post catching vs. post lairage, and indicate the importance of training the workers involved in the pre-slaughter phase. The observers' limited ability to see around the crates may have led to some welfare problems related to crating discomfort going unnoticed and therefore unaddressed. For this reason, the reported percentages should be considered as an underestimate. Because no other pre-slaughter risk factors besides transportation companies and slaughter plants could be identified for crating discomfort, further research is warranted on this subject.
In conclusion, the impact of the stages during the pre-slaughter phase on broiler welfare is multifaceted. The overall pre-slaughter phase resulted in weight loss and bruising. The catching stage resulted in wing fractures. The transportation and lairage stages resulted in increased soiling of plumage, decreased body temperature, more frequent huddling, more splay-legged birds, more birds with toes stuck in the crates (trend), fewer supine birds, and fewer birds with wings stuck in the crates. Despite a low prevalence of most welfare impairments, these welfare issues do impact a large number of animals when taken in total. For instance, when considering the most common impairment, which were lesions, roughly 610,000 birds (when assessed at lairage) would be affected in Belgium every year. From a welfare and economic perspective, this calls for remedial action. Our study suggests that carefully choosing the catching crew, reducing exposure to adverse weather conditions (e.g., through active ventilation), reducing transportation duration, and worker training are promising options for improving broiler welfare during each pre-slaughter stage. With this knowledge, the responsible parties can implement targeted remedial actions to reduce broiler welfare impairment during each pre-slaughter stage.
